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Supplementary Materials section S1. Discrepancy about the measurements of spin Hall angle and spin diffusion length for Pt and Pd
In fig. S1 , we show a summary of published results of both the spin Hall angle and spin diffusion length , (A) for Pt and (B) for Pd. We can find that these values are scattered over 1 order of magnitude in both and even with the same technique and for the same material. For Pt, ranges from 1 to 10 nm and varies from 0.012 to 0.19. Similar situation is also found for Pd as is scattered from 2 to 15 nm and values of reported is in the range of 0.005 to 0.11 (11-15, 29, 37, 41-51) .
section S2. Negligible contribution of spin rectification effect, self-spin pumping, and thermal effect
In a spin pumping induced ISHE experiment, the measured signal may contain spurious signals caused by the spin rectification effect, self-spin pumping and the thermal effect. These may influence the quantification of the spin-charge conversion. In the following, we show these effects either can be removed by our special designed geometry or are negligibly small in comparison with the spin pumping induced ISHE signals.
We would like to briefly mention our specially designed geometry. In this work, we use the z-direction rf field to excite the FMR of ferromagnetic layer with in-plane external field. This geometry, was first developed by us in 2012 (12), and is commented to be "the best configuration to clarify the differences among the voltage signals of the ISHE and the rectification effects" by Iguchi and Saitoh (52). In this geometry, the induction current is along the stripe long axis, which is also the direction that we used to measure our signal. Their model relates T to the spin-mixing conductance through the relationship (Eq. 2 in Ref. (14) We measured both the resistivity of the FM layer and FM/NM bilayer. The resistivity of the NM layer is then calculated according to the shunting relationship. Figure S4A and fig. S4B shows the NM thickness dependent resistivity of Pt and Pd for various FM/NM bilayers, respectively. At a large thickness, the resistivity is almost a constant. At small thickness, the resistivity increases with decreasing film thickness due to the enhanced contribution of the surface scattering. We note that with NM layer growing on different FM layer, resistivity shows distinct difference. The experimental data (symbols) can be described by Fuchs-Sondheimer theory (lines) (59-61).
Accordingly, we estimated the resistivity of Pt and Pd films for different FM/NM combinations.
With the obtained resistivity, we further calculated the mean free path according to the Somerfield (111) direction and introduce the frozen thermal lattice disorder into the supercell (64). Specifically, the Pd atoms are displaced from the equilibrium position randomly following a Gaussian distribution while the root-mean-square displacement is determined by populating the phonon modes of the Pd crystal at a given temperature (65). The phonons are calculated using density functional perturbation theory. Then the supercell with lattice disorder is connected to two semi-infinite perfectly crystalline Pd electrodes and a perturbative electrical current density is introduced from the left lead to the right one. The transverse spin current density as a response to the longitudinal electrical current density can be computed using the wave functions of the scattering states at the 
